75.6% when a cutoff value was set at 8 ng/mL. Among patients with positive preoperative serum CEA, the recurrencefree survival rate was significantly lower in patients with a serum CEA of ≥ 8 ng/mL than those with a serum CEA of <8 ng/mL ( p = 0.0018). Conclusions: The diagnostic accuracy of serum CEA for recurrence is enhanced by separately setting cutoff values according to preoperative serum CEA.
Introduction
Carcinoembryonic antigen (CEA) is a glycoprotein that was extracted from colorectal cancer tissue. Its name is derived from the fact that CEA was also found in extracts of human embryonic intestine [1] . The serum CEA level is a representative tumor marker for colorectal cancer, and the preoperative serum CEA level has been reported to be positive in 40-60% of the patients who undergo surgery for colorectal cancer [2] . The rateclinical stage of colorectal cancer. Patients with metastasis often have particularly high serum CEA levels [3] [4] [5] [6] [7] [8] [9] . Serum CEA has a half-life of 3-5 days, and serum CEA levels have been reported to decrease to the normal range from 2 weeks to 1 month after curative resection [5, [10] [11] [12] [13] .
When serum CEA levels are measured over time after surgery, the serum CEA level often increases several months before recurrence is detected on conventional imaging studies and clinical examinations. Serum CEA levels have therefore been widely used for postoperative surveillance in patients with colorectal cancer [14] [15] [16] . However, serum CEA levels fluctuate over time even in the same individuals. In some patients, the serum CEA level becomes positive in the absence of recurrence. In other patients who have positive serum CEA levels at initial surgery, the level becomes negative at the time of recurrence. Therefore, the sensitivity and specificity of serum CEA levels for the detection of recurrence are not high [12, [17] [18] [19] . The proportion of patients with a high serum CEA level at recurrence is higher among patients with a high serum CEA level than among those with a normal serum CEA level at initial diagnosis [20] .
The present study was designed to test the hypothesis that determining cutoff values according to whether the serum CEA level is negative or positive before surgery would enhance the diagnostic accuracy for the detection of recurrence during postoperative surveillance. We separately determined the cutoff values of serum CEA levels during postoperative surveillance according to whether the preoperative serum CEA was negative or positive in patients who underwent curative resection for colon cancer and thereby estimated the sensitivity and specificity for the diagnosis of recurrence.
Methods
From January 2005 through December 2013, a total of 877 patients with pathological stage I, II, or III colon cancer underwent curative resection at Tokai University Hospital. We studied 783 patients whose serum CEA levels were measured before and 1-6 months after surgery. Serum CEA levels were assayed with the Etest "TOSOH" II CEA system (TOSOH Inc., Tokyo, Japan), using a high-affinity anti-CEA monoclonal antibody. The cutoff value of the serum CEA level was set at 5 ng/mL. The median follow-up period of the survivors was 41.8 months.
In patients without recurrence, serum CEA levels were measured several times during 1-6 months after surgery, and the highest serum CEA level was used as the postoperative serum CEA level. In patients with recurrence, the serum CEA level when recurrence was suspected on imaging studies was recorded as the serum CEA level at recurrence. Screening of postoperative recurrence was performed according to a previously reported surveillance program [21] . In short, serum CEA levels were measured and abdominal ultrasonography and plain chest radiography were performed postoperatively every 3 months during the first 2 years and every 4-6 months for the next 3 years. Computed tomography of the chest and the abdomen was performed every 6 months, starting 6 months after surgery.
Statistical analyses were performed with χ 2 tests, Fisher exact tests, the Kaplan-Meier method, and log-rank tests. A receiveroperating characteristic curve was used to calculate the optimal cutoff value of the postoperative CEA level for the detection of recurrence. The optimal cutoff value was based on the Youden index (maximum [sensitivity + specificity -1]). p values of <0.05 were considered to indicate significant difference. JMP ® 11 software (SAS Institute Inc., Cary, NC, USA) was used for statistical analysis. This study was approved by the Institutional Review Board of Tokai University (13R-206). Table 1 shows the relations between serum CEA levels at initial surgery and clinicopathological factors. Overall, the preoperative serum CEA level was negative (<5 ng/ mL) in 386 patients (49.3%) and positive ( ≥ 5 ng/mL) in 397 patients (50.7%) ( Table 1 ). The rate of positive serum CEA levels at initial surgery was significantly higher in patients who were smokers or had well-or moderately differentiated adenocarcinoma, venous invasion, lymphatic invasion, or advanced-stage disease.
Among the 783 patients, 106 (13.4%) had recurrence. Recurrence was detected in 34 patients (8.8%) with a preoperative serum CEA level of <5 ng/mL and 72 patients (18.1%) with a preoperative serum CEA level of ≥ 5 ng/ mL. The preoperative serum CEA level was positive among a higher proportion of patients with recurrence than among those without recurrence ( p < 0.001). The relations between the preoperative serum CEA level and the serum CEA level at the time of recurrence are shown for the 106 patients with recurrence and the 677 patients without recurrence in Table 2 . Among patients with recurrence who had a preoperative serum CEA level of <5 ng/mL, the serum CEA level at the time of recurrence was <5 ng/mL in 55.9% of the patients and was <10 ng/mL in 73.5%. Among the patients who had a preoperative serum CEA level of ≥ 5 ng/mL, the serum CEA level at recurrence was ≥ 5 ng/mL in 75.0% of the patients and ≥10 ng / mL in 56.9% of the patients. The proportion of patients with a high serum CEA level at recurrence after surgery was thus significantly higher among patients who had a positive serum CEA level before surgery ( p < 0.001).
Among patients without recurrence who had a preoperative serum CEA level of <5 ng/mL, the postoperative serum CEA level was ≥ 5 ng/mL in 2.6% of the patients in the absence of recurrence, and no patient had a postoperative serum CEA level of ≥ 10 ng/mL. On the other hand, among patients who had a preoperative serum CEA level of ≥ 5 ng/mL, the postoperative serum CEA level was ≥ 5 ng/mL in 38.2% of the patients and ≥ 10 ng/mL in 6.8% of the patients despite the absence of recurrence. Patients with positive preoperative serum CEA levels thus frequently had serum CEA levels of ≥ 5 ng/mL after surgery despite no recurrence.
In patients who had a preoperative serum CEA level of ≥ 5 ng/mL, the relation of the postoperative serum CEA level to recurrence was assessed by receiver-operating characteristic curve analysis. Because a cutoff value of 7.6 was obtained, a postoperative serum CEA level of 8.0 was used as a cutoff value in the subsequent analysis. Patients were divided into 2 groups according to whether the preoperative serum CEA level was <5 or ≥ 5 ng/mL. The cutoff value of the postoperative serum CEA level was set at 5.0 and 8.0 ng/mL. The sensitivity, specificity, positive predictive value, negative predictive value, and diagnostic accuracy for recurrence obtained with these values are summarized in Tables 3 and 4 .
In the 386 patients with a preoperative serum CEA level of <5 ng/mL, the sensitivity, specificity, positive predictive value, negative predictive value, and diagnostic accuracy for the diagnosis of recurrence were respectively 2.9, 97.4, 10.0, 91.2, and 89.1% when the cutoff value was set at 5 ng/mL and 2.9, 100, 100, 91.4, and 91.5% when the cutoff value was set at 8 ng/mL ( Table 3 ). In the 397 pa- tients with a preoperative serum CEA level of ≥ 5 ng/mL, the sensitivity, specificity, positive predictive value, negative predictive value, and diagnostic accuracy for detecting recurrence were respectively 43.1, 61.8, 20.0, 83.1, and 58.4% when the cutoff value was set at 5 ng/mL and 22.2, 87.4, 28.1, 83.5, and 75.6% when the cutoff value was set at 8 ng/mL ( Table 4 ). In patients with a preoperative serum CEA of <5 ng/mL, there was no appreciable difference in the diagnostic accuracy for recurrence between when the cutoff value was set at 5 ng/mL (89.1%) and when the cutoff value was set at 8 ng/mL (91.5%). In patients with a preoperative serum CEA level of ≥ 5 ng/mL, however, the diagnostic accuracy for recurrence was relatively higher when the cutoff value was set at 8 ng/mL (75.6%) than when the cutoff value was set at 5 ng/mL (58.4%).
The patients were divided into 2 groups according to whether the preoperative serum CEA level was <5 or ≥ 5 ng/mL, and the recurrence-free survival was compared according to the serum CEA level 1-6 months after surgery. Among patients with a preoperative serum CEA level of <5 ng/mL, the recurrence-free survival rate did not differ significantly between patients with a postoperative serum CEA level of ≥ 5 ng/mL and those with a postoperative serum CEA level of <5 ng/mL; the hazard ratio was 0.9 (95% confidence interval, 0.05-4.13; p = 0.92). Among patients with a preoperative serum CEA of ≥ 5 ng/mL, the relapse-free survival rate was significantly lower in patients with a postoperative serum CEA level of ≥ 8 ng/mL than in those with a postoperative serum CEA level of <8 ng/mL; the hazard ratio was 2.2 (95% confidence interval, 1.29-3.57, p = 0.0018) ( Fig. 1 ) . Values are presented as n (%) or percentages. Values are presented as n (%) or percentages.
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Discussion
Serum CEA is a representative tumor marker for colorectal cancer that is widely used for postoperative surveillance in patients with colorectal cancer, as recommended by guidelines issued by the American Society of Clinical Oncology (ASCO), European Society of Medical Oncology (ESMO), and National Comprehensive Cancer Network (NCCN) [15, 16, 22, 23] . Serum CEA levels fluctuate over time in healthy individuals, and the intraindividual variation has been reported to be about 30% [19] . In clinical practice, we often encounter patients without recurrence in whom serum CEA levels do not become negative after surgery and those in whom serum CEA levels transiently increase after surgery and then subsequently decrease. An increase in the cutoff value to 3, 5, 10, and 15 ng/mL will increase the specificity for detecting recurrence, but decrease the sensitivity [24] . In the present study, we therefore tested the hypothesis that the use of cutoff values based on serum CEA levels before surgery would enhance the diagnostic accuracy for recurrence during postoperative surveillance.
In our study, among patients who had a preoperative serum CEA level of <5 ng/mL, the postoperative serum CEA level was ≥ 5 ng/mL in 2.6% of the patients and ≥ 10 ng/mL in 0% of the patients despite no recurrence. Among patients with a preoperative serum CEA level of ≥ 5 ng/ mL, the postoperative serum CEA level was ≥ 5 ng/mL in 38% of the patients and ≥ 8 ng/mL in 12.6% of the patients in the absence of recurrence. Our results thus showed that the use of postoperative cutoff values based on the preoperative serum CEA level decreased the false-positive rate of the diagnosis of recurrence.
In patients with a preoperative serum CEA level of <5 ng/mL, the use of a cutoff value of 5 ng/mL during postoperative surveillance resulted in a sensitivity for diagnosis of recurrence of only 2.9%, but a high specificity of 97.4% and a high diagnostic accuracy for recurrence of 89.2%. In patients with a preoperative serum CEA level of ≥ 5 ng/mL, setting the cutoff value during postoperative surveillance at 8 ng/mL resulted in a sensitivity of 22.2%, a specificity of 87.4%, and a diagnostic accuracy of 75.6%, which were relatively high. CEA levels are markedly higher in colorectal cancer tissue than in normal mucosal tissue [25] . However, the CEA level in colon cancer tissue has been reported to be unrelated to the plasma CEA level [26] .
We previously reported that although immunohistologically evaluated CEA staining in primary colon cancer tissue is not significantly related to the serum CEA level, CEA staining of metastatic tissue is intimately related to the serum CEA level [9] . This is attributed to the facts that serum CEA levels are related to the secretional capacity of CEA into blood and that the tissue environment around cancer cells differs between primary lesions and metastatic lesions. The CEA production capacity of metastatic lesions at the time of recurrence has a greater impact on serum CEA levels. This most likely accounted for the fact that a high proportion of patients with a serum CEA of ≥ 5 ng/mL at initial surgery had a serum CEA level of ≥ 5 or ≥ 8 ng/mL at the time of recurrence. In patients with negative serum CEA levels before surgery for colon cancer, the false-negative rate at the time of recurrence was 50% or higher. In patients with positive serum CEA levels before surgery, the false-positive rate of the detection of recurrence markedly decreased when the postoperative cutoff level was set at 8 ng/mL. Given that patients with a serum CEA level of ≥ 8 ng/mL have significantly poorer outcomes, close follow-up is essential.
There are some potential limitations of this study because it is a retrospective single-center analysis. Further investigation of a large population of patients from multiple centers will be needed to clarify the optimal cutoff value among patients with positive preoperative serum CEA.
Conclusions
In surveillance after surgery for colorectal cancer, cutoff values should be determined according to whether the preoperative serum CEA level is negative or positive to enhance the diagnostic accuracy for detecting postoperative recurrence.
